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Ab.wm

lhe Advanced Spaceborne lhcnnal Emission and
Reftect.ion  Radiometer (ASTER), a multi-spectral imaging
radiometer with 14 spcctraf bands, is a resc,arch facility
instrument that will be launched in 1998 on NASA’s EOS
AM-1 platform. Characteristics of the ASTER dala can be
summarized m (1) wide spectral coverage from the visible
to then nal infrared regions, (2) multisptxtral  thermal
infrared data with high spectral and spatial resolution ru~d
(3) along-track stereoscopic capability. ASTER is
currcndy being designed and fabricated to meet the
requirements given by the ASTER Science Team,

.L_lIM@tK.L&l

Advanced Spaceborne l%ennal  Emission and
Reelection Radiometer (ASTER) is a research facility
instrument proposed by the Ministry of lntcrwuional  Tmde
and Industry (MITT) of Japan to he launched on NASA’s
1{0S AM-1 pla[fonn in 1998. Ile prirnm-y  science
objective of the ASTER mission is to improve
understanding of the Ioc,al-  and rcgirmal-scale processes
occurring on or near the Fads’s  surfac.. and lower
atmrssphcre,  including surface- atmosphere interactions.

CopyIight 0 1994 by the American Institute of Aeronautics
and Aslrormutics. All righls  reserved.

Specific areas of the science investigation cm be listed
,as: (a) geology and soil - the detailed compositional and
gcomorpho]ogic  mapping of surface soil and bedrock to
study the land surface processes and tic Earth’s history; (b)
wgcta[icm and ecosystem dynamics - investigations of
vegetation and soil distribution and their changes to
estimate biological productivity to understand land-
atmosphcre  interaction and to detect ecosystem changes; (c)
land sufi~ce  climatology - investigation of land surface
p,ar,arnetcrs,  surface tcmpcniturw  etc., to understand land-
atmosphcrc interaction and energy and moisture fluxes; (d)
volcano monitoring - monitoring of eruptions and
precursive events such a% emission of volcanic gases to the
atmosphere, eruption plumes, development of lava lakes
and fumarolic  activity, eruptive history and eruptive
potential; (e) aerosols and clouds - observation of
atmospheric aerosol characteristics and various cloud
types, which are u.scful for the atmospheric correction of
surface retrievals; (f) evapotranspiration  - the knowledge of
the diffcrcncc between air temperature measured  in situ and
cxnopy temperature derived from ASTER mdkncc
n~casurcmem;  (g) carbon cycling and marine ecosystem -
the atmospheric carbon dioxide being fixed into coral reefs
by measuring the global distribution and accumulation rate
of coral reefs; and (h) hydrology - undcrwnding  global
energy and hydrologic processes and their relationship to
global changes.
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l’able 1 ASTIHl  baseline pclformrmce requirements.

‘l’able 1 shows the ba%elirre  performance requirements
for ASThll,  The optical signal sensing units of the
instrument consists of three subsystems as shown in
Figure 1; the visible and near-infrared (VNIR) radiometer,
short-wave- infrared (S WIR) radiometer, and thcnnal
infrared (TIR) radiometer. ASTER has three spectral bands
in the VNIR, six bands in the SWIR, and five bands in the
‘l’IR regions with 15, 30, and 90 m ground resolution
respectively, All bands will cover the same 60 km ground
swath, A pointing wpabi]ity  in the cross-track direction
will allow coverage of *I 16 km from tic nadir. The
VNIR subsystem hm one backward-viewing band for
stereo.smpic observation in the along-track direction.
Became the data will have wide spectral coverage <and
relatively high spatial rcsoluticm,  we will be able to
discriminate a variety of surface materials and reduce
problems resulting from mixed pixels. ASTliR  will
provide the highest spatial resolution surface temperature
and emissivity  data of all the F.CXS  AM-1 instruments.

Figure 1 ASTER on-orbit configuration.

Figure 2 shows the functional block diagram of the
AS’l”ER instrument. The VNIR, SWIR, and TIR
subsystems rcccive optical signals from the ground,
convcr( them into electrical signals and send the signals to
a common signal processor (CSP) as digital data. The
CSP multiplexes signals from the three subsystems with
systcm telemetry, and sends thcm to the platform

electronics in the proper formrrt.~ The master power supply
(MPS) provides electric power to each ASTER component
by converting the power provided from the spaceaaf[.
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Figure 2 Block  diagram of the ASTER instrument.

l’able 2 summariiws  the characteristics of the ASTER
subsystems. The three optical subsystems consist of
collection optics, spectral separation units, fecal plane
assemblies, calibration modules, control units, power
supply unit and signal processing electronics respectively.
In addition, the SWIR and lIR subsystems have
mechanical coolers to cool the detectors, and the l“IR
subsystem has a scanning mirror,
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l’able 2 Charactcris(ics  of the AS1’ER subsystems.
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Different teleseope types are employed for the three
subsystems in order to optimize the optics in the different
wavelength regions; Schmidt-type reflective optics for the
VNIR, refractive optics for the SWIR, and Newtonian-type
reflective optics for the ‘HR. Spectral separation in all
bands will be made by bandpass  filters.

I 1

““?

1

Wavelength  (pm) L I

Figure 3a Spectral bandpawes  of the ASTER VNJR and
SWIR,  and the reflectance speclra  of typical minerals,
roelm and Vegetation: (a) kaolinite;  (b) montrnonllonite;
(c) ~unite:  (d) cticite;  (e) andesite;  (0 granite; (g) green
leaves.

VNIR and SWIR kmges  are obtained by pushbroom
scanning with linear array detectors. Fach spectral band of
the VNIR has a linear Si-CCD detector with 5000
elements. The SWIR subsystem has a linear FtSi-CCI>
&tector with 2100 elements for each spectral band. lhe
1’lR subsystem uses mechanical scanning with 10 llgCdl’e
PC-type  detectors for each spectral band, thus there are 50

3

total lIR detectors. The SWIR and TIR subsystems have
long life Stirling-cycle eryocoolers  to cool the detectors to
80 K or below. The design life is 50,(M0 hours on-orbi[,
which corresponds to the 5 year mission period of the EOS
AM-I spncecmft,

3J?.crfmmtnce  Reati-J

The ASTi~X has 14spectral  bands. The three VNIR
bands have the similar bartdpawes to those of the LandSat
llcmatic  Mapper (TM) and the Optical Sensor (C)PS) of
the Japanese Earth Resources Satellite (JERS-1 ), as shown
in }tigure  3a, lhc VNIR bands will be used for
topographic interpretation beeau.se of the 15 m spatird
resolution. The VNIR bands will also be useful in
assessing vegetation .arrd iron oxide minemls  in surface
soils  and rocks

8 9 10 11 1213
wavelength (pm)

Figure 3b Spectral bandpasses of the ASIER TIR, and
the emissivity  (transmission) sp?ctra of typical reeks
(nmdified  from Vickcrs  and Lyon, 1967): (a) dacite; (b)
granite; (c) pumice; (d) rrachyte; (e) qu,artz  syenite; (f)
amlcsilc;  (g) ncphclcne  syenite;  (h) hypersthcne  andcsite;
(i) quar[z  LIiori[c;  (j) augitc diorite;  (k) basalt; (1)
plagioela$e  basalt;  (m) pcridotite:  (n) serperrtinite;  (())
li~nburgi[c:  (p) dunitc.



The spcctraf  bandpa$ses  of the SWIR bands were
sclcctcct mainly for the purpose of surface mineralogical
mapping. Band 4 is centered at the 1.65 micron region,
and bands 5 to 9 target the characteristic absorption features
of ph yllosilicate  and carbonate minerals in the 2.1 to 2.4
micron  region, The ASTF;R SWIR will permit more
detailed surface lithologic  rmpping  than Lrandsat TM and
JI-XS-1  OPS. Discrimination of clouds from snow will
also be possible using the SWIR bands.

The ASTER TIR subsystem has 5 bands in the
thermal infrared region as shown in Figure  3b, Emissivity
patterns &rived  from the five TIR bands will be used to
estimale silica content, which is important in
char~c[eriy,ing  silicate rocks -- the most abund,ant  rock type
on the earth’s surface. The ASTER Science Tcmn is
developing algorithms to separate temperature and
emissivity  of surface targeLs.

RadiQmtic  WiQurw=1

I%c user requirwnerms  for radicrmetric  pcrforrniincc  were
given m noise-equivalent-reflectance (NEAp)  for the VNIR
and SWIR subsystems as shown in Table 1. 1 Iowever,
since the instrument parameter defining the radiometric
resolution is signal-to-noise ratio (SNR), the NEAp is
translated into SNR by using the relation; SNR = (target
reflectance / NEAp). For the TIR bands, the radiometric
resolution is specified directly by user requirCmenLs  for
noi.se-equivalent- temperature (NFA13.  which is ~SO
convenient for instrument performance tests  The
rcqttircment  is applied to the high level input radiance,
which is shown in Table 3, unless  otherwise specified. Ilre
signal quantization  level is specified a.. 8 biLs  for the VNIR
and SWIR subsystems, and 12 biLs for the llR subsystem.
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l’able 3 Input radiances [W/(mhqtm)] for the ASl}lR
spcctraf  bands.

LJser requirctncnts  for the absolute mdiometric  accuracy
of the VNIR and SWIR band.. are *4 percent or less at the
high lCVCI input radiance. The absolute  radiome~ic
accuracy for the Till bands is dcllned  as i 3 K or lCSS in
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the range from 200-240 K. i 2 K or less in the range from
240-270 K, t 1 K or lCSS in the range froni  270-340 K,
aml f 2 K in the range from 340-370 K.
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Table 4 Gain switching function (multiplication factors).

The VNIR and SWIR subsystems have three and four
gain sct~ings  respectively m shown in Table 4. lhc gain
setting for each band can be seleixcd independently. The
high gain setting  is used to expand a range of output DN’s
for a low reflectance target. Tle low gain setting is
provided to accommodate an unexpectedly bright targett
although almost all targets are expected 10 be observable by
the normal gain. l-he low gain-2, available only for WC
SWIR bands, will be used for observation of high
tmnpcrattrrc  targets such as a lava lake of an active volcano.
‘l’able 5 shows the highest temperatures observable by the
SWIR b,ands,  as calculated from the saturation levels of
the CCD detector array.
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Table 5 SWIR saturation levels and the highest
observable temperature.

ometr c Performancei
Spatial resolution of the ASTER subsystems is 15 m for
VNIR, 30 m for SWIR, and 90 m for 1’IR. The VNIR has
the highest spatial resolution, along with a stereo imaging
capability, so the VNIR data will be quite useful for
topographic interpretation. The spatial resolution of the
SWIR and I“IR are lower than the VNIR, but are still the
highest among all the EOS AM-1 instruments in their
wavelength regions. ASTER data are expected to provide
important information for sub-pixel sc,ale  analysis of data
from other EOS AM-1 instruments, e.g., MODIS and
MISR.



Barld-t~band  registration (B BR) requirements from the
AS’IER  Science Team are t 0.2 pixels in the same
telescope and t 0,3 pixels (of the coarser spatial
resolution) among the different telescopes, after ground
processing. The ability to meet these rcquircmcnts  is
dctcrmincd  in part by the ability to accurately position the
detectors in the fabrication process. lhe detector
configuration accuracy is specified as shown in Table 6.
The bias is a fixed deviation from an ideal detector
configuration which would exhibit no misregistmtion.  For
the VNIR and SWIR subsystems, resampling is necessary
for precise BBR, even within the same telescope. Stability
is specified so as to maintain the BBR oft 0.2 pixels or
lCSS dur’ing the mission period, because we would like to
assure  the BBR accuracy within each telescope with an
accuracy of* 0.2 pixels by using only the preflight
parameters of the focal plane configuration. Since the TIR
subsystem employs mechanical scanning, the BBR
specification within the telescope will be possible without
rcsampling.

Table 6 Specification of the detector configuration
accuracy.

For the BBR among the differcnl  ielescopcs,
correlation processing will be c,arricd out to find a set of
gconictric coefficients for every orbit or every eight
rninutcs  of data acquisition. If the instrument is kept at the
.samc pointing position, the same geometric coefficients
can be used over an 8 minute CM segment duc to an
expected stability of* 0.1 pixels.

M2ff.Q4aw!ilY
The nadir-backward s[ereo viewing geometry of the VNIR
rcsulLs in a higher probability of obtaining a cloud-free
iInagC pair, a!+ compared with a side-mdir stereo
observation system such as the SPOT HRV. Taking into
account the earth rotation effect, the linear detector arm ys of
the backward-viewing bands have about 5000 detector
elcmcnLs that allow 60 km overlap in a stereo pair within
the range of 60 degrea north and south latitude.

‘fhc base-height (BII) ratio of 0.6, which roughly
corresponds to a vcrticat exaggeration factor gf 4 in visual
stereoscopic observation, is an appropriate value for
photogcologic  interpretation in mountain terrain. The

stereo images will also be used for studies on thrce-
dimcnsiornl  cloud structures.

Digital  elevation models (DEM) can be generated from
stereo chta. The height accuracy of the 1>1:34  depends upon
tlIc B} I ratio, spa(ial resolution, and error in the parallax
nlcawrrcmcrrt,  llc ASTIR DE;M height precision would
be 12.5 or 25 m, and the scale of topographic maps to be
gcncmtcd  from the ASTER stereo data would be 1:1 (XI,000
(o 1:200,000  respectively, if we assume 0.5 to 1.0 pixel as
the total parallax error. Ilc ability to control the parallax
en or chqwnds on tie availability and accuracy of ground
control points.

l’~ab ility
All AS1-ER bands will cover the same 60 km imaging

swath with a pointing capability in the cross-track direction
m cover f. 116 km from the nadir, so that any point on
the globe is accessible at lcmt  once every 16 days with the
full spectral covemge  with the VNIR, SWIR and TIR.

In addition, the VNIR subsystem has a larger pojnting
~~pability,  up to 24 degrees, and thus the swath center is
poin(able up to t 318 km from the nadir. This capability
was added in order to shorten the potential delay period for a
tirne-cri[ical  observation of natural hazards  iike volcanic
eruptions and floods. The recurrent pattern for a target on
the equator using the 24 degrees pointing becomes 2-4-2-7
days (4 days average).

~mcms  Modes
l%c ASIER instrument consists of three subsystems

which can be operated independently, Combined with
multiple gain set(ings  and pointing angles, there are many
possible combinations of observation modes, however,
several nominal modes have been defined. lhc nominal
L?ytime mode is simultaneous data acquisition using the
three subsystems looking at the same 60 km imag,ing
swath. The nominal nighttime mode is TIR-only
operation. Flexibility in operations has been requested
from the ASTER Science Team in order to obtain a$ much
Ma as possible while kezping within the allocated data
rate. Thmefor, three additional nominal modes have been
recognized such that all nominal modes are defined as;

I) Daytime full mode (VNH? + SWIR + TW
2) Dayrimc  VNIR Inodc  (VNIR)
3) Daytime DEM mode (VNIR bands 3N and 3B)
4) Nighttirrm  TIR mode (TIR)
5) Night[imc  volcano monitoring rnodc (TIR + SWIR)
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Table 7 Examples  of operations scenarios.

The daytime VNIR mode will tw used for areas where maximum numfxr  of discrete continuous observation
high resolution VNIR data are essential, but SWIR and
1’IR spectral data are not necessary. If a pointing angle of
greater than 8.55 is needed, the daytime VNIR or DEM
mode has to be used, since the SWIR and TIR can only be
pointed up to 8.55 degrees. In the daytime DF;M mode,
only the bands  3N (nadir) and 313 (backward) will be
operated for the purpose of stereo imaging. These two
modes are complementary to the daytime full mode, and
will be used only when allocated resources cannot pem~it
the full mode. For instance, periodic monitoring of the
Antarctic glacier boundaries, using the VNIR data is one
objective of the ASIF,R Science Te,am which can be
satisfied by the daytime DEM mode.

During nighttime, the TIR mode is the nominal
operational mode. }Iowever, it will be possible to use the
SWIR bands at night. Such an occasion might arise if a
target temperature is higher than the maximum input
mdiance  for the lTR bands (i.e. a radiance of 370 K
blackbody in front of the radiometer), which could occur
with a high temperature target like a lava lake or flow of an
active volcano.

lle ASTER instrument duty cycle is limited by data
rate, electric power consumption, themml design, aad on-
off cycling, qle maximum data rate is dctined by a two
orbit average value. The maximum average &L? rate
alltxxted to ASTER is 8.3 Mbps, which roughly
corresponds to 8 minutes of full-mode daytime operation
plus 8 minutes of nighttime TIR operation. The single
orbit maximum data acquisitioll  time is 16 minutes. l’he

segments per orbit is currently 15, 5, and 6 for VNIR,
SWIR and Ilk respectively. l’he ASIXR Science T-
is investigating alternative operations strategies taking
these constraints into account. Table 7 shows examples of
constraints associated with the instrument operations
modes.

Data Producu

Table 8 shows a list of data products proposed by the
ASTER Science Team, The Japanese are t-q-mnsible  for
providing ASTI-:R Level-1 data products. For the standard
dam products, all algorithms produced in both Japan and
U.S. will be identical, although the source code and -

cxecumble  programs may be Wlfferent. Algorithm
development is being carried out collaboratively by Japan
‘and the U.S. Standard dam products will be provided to
users from the U.S. 130SDIS and the Japanese ASTER

_— --
Re”cOnsTructedY

..—
u n p r o c e s s e d  i n s t r u m e n t  darn

Radlace, reclstered  a t  s e n s o r
R e l a t i v e  s p e c t r a l  emisslvlty
R e l a t i v e  s p e c t r a l  r e f l e c t a n c e
Surface radiance
Surface temperature
S u r f a c e  emissivity
S u r f a c e  r e f l e c t a n c e
Cartographlcally  ❑ appeal
S c e n e  c l a s s i f i c a t i o n
Digi ta l  e levat ion model
Br ightness temperature at ,  sensor
Normal ized d i f ference vegetat ion index
V e g e t a t i o n  & SO1l i n d i c e s
PO lgQou.d_rn.nL  _ _ _ _ _ _  – _ _ _ _ _ _

Table 8 ASTER  stwrdard  data products.
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5JiummarY

The preliminary design review (PIX) of the ASTIR
instruments was completed in February, 1993. According
to the PIX? results, the ASTER instrument will meet the
user rc@rements which are de.saibed in this paper, and
will be delivered to NASA on sehcdule.  lhe ASTER
Seienet  Team is now developing algorithms to generate
data .products using the information provided from the
ASTER Instrument Team.
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